A straightforward and reliable method was developed for the determination of chlormequat in pears by liquid chromatography/mass spectrometry (LC/MS). Water and methanol were compared as extraction solvents. Because no significant differences in extraction efficiency or repeatability were found, water was chosen as the extraction solvent. The extracts were analyzed without cleanup by either an ion-trap liquid chromatograph/mass spectrometer in the single MS mode or a triple-quadrupole instrument in the MS/MS mode, using electrospray ionization. Both instruments were equally suitable for quantitation and confirmation of identity. Recoveries were 76-103%, and reproducibility was ≤12%. The lowest detection limit (0.007 mg/kg) was obtained with the triple-quadrupole instrument in the MS/MS mode. C hlormequat, or chlorocholine chloride (CCC), is the common name for 2-chloroethyltrimethylammonium chloride. It is used as a plant growth regulator on pears to promote flower formation, improve fruit setting, and prevent premature fruit drop. Other crops on which chlormequat is used include cereals and ornamental plants (1). In pears, the maximum residue limit (MRL) established by the European Union (EU) is 3 mg/kg. Several methods have been described for the determination of chlormequat. The first methods developed were nonspecific spectrometric (2, 3) and thin-layer chromatographic procedures (4). Despite extensive cleanup, interferences were present, blank values were too high, and reproducibility was poor. A method that is currently used in many laboratories for chlormequat determination was developed by Greve and Hogendoorn (5). In their method, chlormequat is extracted from pears with methanol. After cleanup, using ionexchange chromatography and further cleanup over alumina, chlormequat is converted into acetylene by heating in alkaline medium at 215°C. The acetylene is measured in the head space by gas chromatography (GC) with flame ionization detection. Although acceptable recoveries (68-92%) and blanks were obtained, the method is still very labor intensive and unsuitable for routine analysis.
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Direct determination of chlormequat has been described for the analysis of formulations. Capillary electrophoresis was used with mass spectrometric detection (6, 7) . Mass spectrometry (MS) enables detection of chlormequat, which lacks a chromophoric group, and makes capillary electrophoresis or liquid chromatography (LC) promising alternatives to the classical methods for residue analysis outlined above. In fact, very recently, an LC/MS procedure was reported for the determination of chlormequat in cereals (8) .
The purpose of the work described in this paper was to develop a method for chlormequat residue analysis in pears that is more suitable than the Greve/Hogendoorn method for routine analysis (5) . During method development and validation, 2 extraction procedures (methanol and water) and 2 LC/ MS(/MS) systems (i.e., triple-stage quadrupole and ion trap) were compared. The final procedure was very straightforward. After extraction, the extract could be analyzed without any cleanup. The method was validated and implemented for routine analysis of pears.
Experimental

Chemicals
Chlormequat (99%) was purchased from Ehrenstorfer (Augsburg, Germany) and stored at <−18°C. Methanol was obtained from Malinckrodt Baker (Deventer, The Netherlands). Stock solutions of chlormequat were prepared in Milli-Q water and stored in the dark at 2°-10°C. Stock solutions were stable for Ն1 year. Calibration standards were prepared by diluting the stock solution with Milli-Q water and were also stored at 2°-10°C (stable for Ն3 months).
Instrumentation
For LC/MS and LC/MS/MS analysis, an LC-Q and a TSQ 700 (Thermoquest, Breda, The Netherlands) were used in combination with an LC pump and autosampler (Model 2690 Alliance) and a 616 Series autosampler with a Model 600 LC pump (all Waters, Ettenleur, The Netherlands), respectively.
Liquid chromatography was performed on a 100 × 3 mm id, 5 µm particle size, reversed-phase cyano column (Spherisorb CN) with an R2 guard column, 10 × 2 mm id, both obtained from Chrompack (Middelburg, The Netherlands).
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Isocratic elution of chlormequat was achieved with a mobile phase of methanol-10 mM aqueous ammonium acetate (50 + 50, v/v) and a flowrate of 0.3 mL/min. LC/MS or LC/MS/MS was performed by using electrospray ionization (ESI) with 4 kV on the electrospray needle.
Typical interface parameters in the case of the LC-Q were as follows: sheath gas, 70 arbitrary (arb.) units; auxiliary gas, 10 arb. units; and temperature of the heated capillary, 225°C. The ion trap itself was used in the selected ion monitoring (SIM) mode (m/z 117-127 amu) with 1 µscan and a maximum injection time of 500 ms.
Comparable interface parameters were used for the TSQ 700. MS/MS data were acquired in the selected-reaction monitoring (SRM) mode by selecting the m/z 122 ion as the precursor ion and the m/z 58 ion as the product ion. The collision offset and gas pressure were set at −35 V and 2 mTorr, respectively. The multiplier was run at 1400 V.
Both systems were operated with the standard resolution settings, i.e., a peak width of 0.7 u FWHM.
Sample Preparation
Pears were chopped and homogenized in a food cutter. A 25 ± 0.25 g portion of the homogenate was extracted with 100 mL Milli-Q water for 30 s by using an Ultra Turrax. By using a syringe, an aliquot of the aqueous extract was filtered through a Millex HA filter (Millipore, Ettenleur, The Netherlands) into an autosampler vial. A 20 µL aliquot of this filtrate was injected into the LC/MS or LC/MS/MS system. When the chlormequat content was found to be >1 mg/kg, the extract was diluted by a factor of 10 with Milli-Q water.
Quantitation
With each batch of analyses, calibration solutions (0.01-0.25 µg/L, n = 7) were injected before and after the sample extracts. A calibration curve was prepared from the duplicate responses by using a weighting factor of 1/x 2 . Chlormequat in samples was quantitated by using this curve.
The chlormequat content was corrected for the water content of the pears, which was 86% (9). In the case of extraction with methanol, in addition to the correction for water content, the contraction of the volume of methanol-water (from the pears) was also taken into account.
Result and Discussion
LC/MS(/MS) Determination of Chlormequat
For initial experiments, with regard to LC, a cyano column was used because of good experiences with this column in our laboratory for the determination of very water-soluble analytes. Very acceptable retention and peak shape were obtained in initial experiments with a mobile phase of methanol-aqueous ammonium acetate (50 + 50). No optimization of LC conditions was performed. By comparison with recently published results for the determination of chlormequat in grain by LC/MS (8), the cyano column was considered more suitable than a C 18 column (i.e., much less tailing was observed for the chlormequat peak).
During optimization of the mass spectral detection, obviously only ESI was used as the interface. A very strong signal was obtained for the molecular ion at m/z 122. Performing MS/MS on the ion-trap instrument was not successful because only low-mass product ions were formed, i.e., below m/z 60. Although, in principle, the ion trap in the MS/MS mode would be able to trap ions over a mass range from about one-third of the mass of the precursor ion up to any desired value, no product ions could be collected with the instrument used. The reason for this was, most probably, the inefficiency of the ion trap in accumulating these product ions so close to the instability boundary, because the span of the RF potential, used to trap the product ions over a wide mass range, was too small.
On the other hand, with the TSQ 700, MS/MS data (precursor ion at m/z 122 and product ion at m/z 58) could be obtained easily, because of the unlimited scan range of Q3 in relation to Q1 (Figure 1 ).
In the full-scan spectrum ( Figure 1A ), the major ions present were the molecular ion and its chlorine isotope. The ion at m/z 59 is a background ion that was also observed when no chlormequat was introduced. The product ion at m/z 58 ( Figure 1B) + , and its formation is attributed to an exchange of 2 methyl groups for hydrogen (from NH 3 ), the occurrence of which has been described before (10) , and to the loss of hydrogen chloride. The ion at m/z 59 in the product-ion spectrum ( Figure 1B ) is attributed to the isotope peak from the m/z 58 ion (not to be confused with the background ion in the full-scan spectrum). Admittedly, a relatively rather high abundance was obtained in this case, which can be attributed to the phenomenon often observed after summation of spectra over the chromatographic peak.
With respect to matrix effects, as observed in our previous work on residue analysis for daminozide (11) , hardly any effect on linearity or slope of the calibration curve was noted when calibration curves of standard solutions prepared in Milli-Q water were compared with those prepared in matrix. For the ion-trap instrument, a decrease of only 12% in the slope of the calibration curve was noted, whereas for the triple-quadrupole instrument, an increase of 9% in the slope was observed. These results imply that relatively clean extracts are obtained after extraction. Remarkable, however, in this sense is the visual dirt buildup on the spray shield of the interface, even though the LC effluent was allowed to enter the mass spectrometer only during 5 min of the total analytical run, i.e., between retention times of 5 and 10 min. After a series of 50-100 samples, the system looked extremely dirty, but the performance of the system did not deteriorate. Nevertheless, the shield was cleaned as part of routine maintenance by using water, which was quite effective.
Comparison of Methanol and Water as Extraction Solvents
The high solubility of chlormequat in water (>1 kg/L)(1) makes water an obvious extraction solvent when reversedphase LC is used for separation. Because in the conventional method of Greve/Hogendoorn (5) methanol was used as the extraction solvent, it was decided to compare both solvents. Portions of a homogenized pear sample known to contain chlormequat (incurred residue, ca 3 mg/kg) were extracted with either water or methanol. The extract was diluted by a factor of 10 in Milli-Q water before LC/MS (LC-Q) analysis. The chlormequat content found was 3.24 ± 0.22 mg/kg for water and 3.40 ± 0.12 mg/kg for methanol. The means and standard deviations did not differ significantly (t-test and Ftest, P = 0.05, respectively).
To evaluate the effect of the extraction solvent on peak shape, standards dissolved in water and in methanol were analyzed. With the injected volume and chromatographic conditions used, no differences in peak shape were observed for the water and methanol injections (Figure 2) . With respect to waste, toxicity, and cost, water was preferred as the extraction solvent.
Analytical Performance
The method was validated with the ion-trap instrument in the single MS mode by using the m/z 122 ion for quantitation, and with the TSQ in the MS/MS mode by using the product ion at m/z 58. Average recovery and repeatability were determined by analyzing fortified blank samples at several levels. In addition, the reproducibility of the method was determined on both instruments by calculating the mean recovery and the relative standard deviation (RSD) for recoveries obtained for 10 fortified control samples that were included in different batches and analyzed on different days. The results are given in Table 1 .
The repeatability at the 0.1-10 mg/kg level was better than 5%, irrespective of the instrument used. The reproducibility, determined by analyzing fortified samples over a period of 3 weeks, was about 10% with both instruments. Although Vahl et al. (8) had used a [
13 C]chlormequat internal standard to determine chlormequat by LC/MS/MS, they encountered problems with blanks due to traces of unlabeled chlormequat in the [ 13 C]standard. Because the repeatability and reproducibility obtained in our work were very acceptable and, in fact, similar to the values reported by Vahl et al., the use of an internal standard was not considered necessary.
The detection limit (signal-to-noise ratio = 3) for chlormequat in pears that was obtained with the TSQ was 0.007 mg/kg for uncleaned extract (about 0.25 g pears/mL). Because the instrument was operated in the MS/MS mode, the selectivity and confirmation of peak identity were considered sufficient. With the LC-Q instrument, a slightly higher detection limit of 0.017 mg/kg was obtained. Chromatograms obtained for blanks and samples fortified at the 0.1 mg/kg level are shown in Figures 3 and 4 .
As with the LC-Q, in the MS/MS mode, no product ions were obtained for chlormequat, and additional mass spectrometric confirmation of peak identity (compare precursor ion Ն product-ion mode for TSQ 700) was absent. However, because of the presence of chlorine in the molecule, the chlorine isotope at m/z 124 was used for confirmation. For additional evaluation of the selectivity of the LC-Q in the single MS mode, extracts from actual samples, for which a peak was obtained in the m/z 122 trace at the expected retention time, were analyzed again by using the TSQ instrument in the MS/ MS mode. In all cases, peak identity and quantity were confirmed, indicating acceptable selectivity, even in the single MS mode.
For further evaluation of the current method, homoge- nates of 6 samples were analyzed as part of an international intercomparison study by 5 laboratories (Table 2) . Two laboratories used a GC-based method; the others (including our laboratory) used LC-based methods. The results obtained with the current method are in good agreement with those found by the other laboratories. It can be concluded that the proposed method is very suitable for the determination of chlormequat in pears, and that ion trap LC-Q in the single MS mode and TSQ in the MS/MS mode are equally suited for this purpose; however, the detection limits with the TSQ are lower.
Applications
After validation, the method was implemented and used for routine analysis of many hundreds of pear samples. Only routine maintenance had to be performed, and acceptable recoveries (all >70%) were obtained for spiked blanks that a A Dixon outlier was identified and discarded from the data set. b LOD = limit of detection at signal-to-noise ratio of 3.
were analyzed as quality control samples with each batch of samples, indicating that the method is reliable and robust.
With pear samples that were found to contain chlormequat around or above the EU MRL (3 mg/kg), some additional experiments were conducted with respect to chlormequat distribution within a sample of pears. From a sample with a chlormequat content of about 6 mg/kg, 10 individual pears were analyzed. The between-pear differences were quite remarkable, i.e., the content varied from 3.5 to 8.8 mg/kg (average 6.06 ± 1.75 mg/kg), which means that sufficiently large samples should be homogenized in order to obtain a result that is representative of the batch from which the sample is taken.
Conclusions
A straightforward method has been developed for the sensitive and selective determination of chlormequat in pears. 
